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@ Display control apparatus capable of efficiently driving a display unit 



@ For use in controlling a display unit (11), a 
display control apparatus comprises a decod- 
ing and latching circuit (19) for decoding an 
indication signal which is produced by a micro- 
processor unit (12) to indicate one of a sleep-in 
operation and a wake-up, operation. A decoded 
signal is latched as an operation signal rep- 
resentative of one of the sleep-in operation and 
the wake-up operation. Such an operation sig- 
nal drives a driving circuit (14), which drives in 
turn the display unit only when the indication 
signal indicates the wake-up operation. When 
the indication signal indicates the sleep-in oper- 
ation, the operation signal suspends drive of the 
display unit Preferably, the decoding and latch- 
ing circuit comprises a first decoder for decod- 
ing the indication signal indicative of the 
wake-up operation to produce a wake-up oper- 
ation signal, a second decoder for decoding the 
indication signal indicative of the sleep-in oper- 
ation to produce a sleep-in operation signal, 
and a D-type flip-flop for latching the wake-up 
and the sleep-in operation signals one at a time 
as the first-mentioned operation signal. 
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Background of the Invention: 

This invention relates to a display control 
apparatus for controlling a display unit which is typi- 
cally an LCD (liquid crystal display). 

In the manner which will later be described more 
in detail, a conventional LCD control apparatus is for 
use in controlling an LCD. The LCD control apparatus 
comprises an MPU (a microprocessor unit), an LCD 
controller and a driving circuit for driving the LCD. The 
MPU produces an LCD control signal onto an LCD 
control bus to control the LCD controller. The LCD 
controller receives the LCD control signal from the 
LCD control bus and produces an LCD drive signal 
onto an LCD drive control bus to drive the LCD. The 
driving circuit comprises a clock generator for 
generating a clock signal of an alternating wavefonn 
for supply to the LCD controller and a voltage supply 
circuit for supplying a voltage signal to the LCD con- 
troller for driving the LCD. 

In operation, the LCD controller delivers the LCD 
drive signal to the LCD when supplied with the LCD 
control signal from the MPU. It should however, be 
noted that the LCD is continuously driven by the LCD 
controller white the LCD controller supplies the LCD 
with a driving voltage in response to the voltage signal 
andwith the clock signal. That Is to say, the driving 
voltage is continuously supplied, in addition to the 
clock signal, to the LCD even when the driving circuit 
may not be driven. 

In connection with the above, it should be noted 
that the LCD need not be driven during an appreciably 
long interval of time with the LCD controller alone dri- 
ven. As a result, the LCD is quickly deteriorated. In 
other words, the conventional LCD control apparatus 
makes the LCD have a shorter life time. Moreover, 
power consumption in the driving circuit is objection- 
able. 

Summary of the Invention: 

It is consequently an object of this invention to 
provide an LCD control apparatus capable of making 
an LCD have a longer life. 

It is another object of this invention to provide an 
LCD control apparatus which is of the type described 
and is capable of decreasing power consumption of a 
driving circuit 

According to this invention, there is provided a 
display control apparatus which is for controlling a dis- 
play unit and which comprises: a processor unit for 
producing an indication signal indicative of one of a 
steep-in operation and a wake-up operation; decoding 
and latching means for decoding the indication signal 
and for latching an operation signal representative of 
one of the sleep-in operation and the wake-up oper- 
ation; and driving means for driving the display unit 
when the operation signal is latched to represent the 



wake-up operation. 

Brief Description of the Drawing: 

5 Fig. 1 is a block diagram of an LCD and a conven- 

tional LCD control apparatus; 
Fig. 2(a) exemplifies a driving voltage for use in 
driving an LCD in general; 
Fig. 2(b) exemplifies a clock signal CL for use in 

10 driving an LCD controller In general; 

Fig. 3 is a block diagram of an LCD control 
apparatus according to an embodiment of this 
invention; 

Fig. 4 is a block diagram of a decoding and latch- 
15 ing circuit for use in the LCD control apparatus 
depicted in Fig. 3; 

Fig. 5 is a timing chart for use in describing wa- 
ke-up operation of the LCD control apparatus 
shown in Fig. 3; and 
20 Fig. 6 is a timing chart for use in describing sleep- 
in operation of the LCD control apparatus illus- 
trated in Fig. 4. 

Description of the Prefenred Embodiment: 

25 

Referring to Fig. 1. a conventional LCD (liquid 
crystal display) control apparatus will first be des- 
cribed in order to facilitate an understanding of the 
present invention. The LCD control apparatus is for 

30 use in controlling an LCD 1 1 . 

the LCD control apparatus comprises an MPU 12 
(microprocessor unit), an LCD controller 13, and a 
driving circuit 14 for driving the LCD 11. The MPU 12 
is controlled by programming software to thereby pro- 

35 duce an eight-bit LCD control signal onto an n-bit LCD 
control bus 17, where n represents an integer which 
is not less than eight. The LCD controller 13 receives 
the LCD control signal from the LCD control bus 17 
and produces an eight-bit LCD drive signal onto an m- 

40 bit LCD drive bus 18, where m represents an integer 
which is not less than eight and may or may not be 
equal to n. The eight-bit LCD drive signal is data for 
indicating whether each display element (not shown) 
in the LCD should be turned on or not, 

45 The driving circuit 14 comprises a clock generator 
15 for generating a clock signal CL of a rectangular 
waveform for putting the LCD controller 13 in oper- 
ation. A minus voltage supply circuit 16 is for supply- 
ing a minus voltage signal V(EE) for driving the LCD 

50 11. 

Figs. 2(a) and 2(b) will be referred to with Fig. 1 
continuously refen*ed to. The clock generator 15 pro- 
duces the clock signal CL which varies in the manner 
exemplified in Fig. 2(a) between V(CC) or plus 5 volts 
55 and 0 volt. Supplied with the clock signal CL and the 
minus voltage V(EE), the LCD controller 13 produces 
the LCD drive signal on the bus 18 and supplies a driv- 
ing voltage variable between V'(CC) and V'(EE) which 
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are, for example, between \/(CC) or plus 5 volts and 
V(EE) or minus 20 volts. 

In operation the LCD controller 13 receives the 
LCD control signal from the MPU 12. The LCD con- 
troller 13 produces the LCD drive signal towards the 
LCD 11. The LCD 11 is driven by the driving voltage 
in accordance with the LCD drive signal from the bus 
18 and generates a display element driving voltage 
varying between V'(CC) and V'(EE) as shown in Fig. 
2(b) so that display data appear on the LCD 1 1 . 

Refenring now to Fig. 3, the description will be 
directed to an LCD control apparatus according to a 
prefenred embodiment of this invention. The Illus- 
trated LCD control apparatus comprises similar parts 
which are designated by like reference numerals and 
which are similarly operable with likewise named sig- 
nals including the dock signal and the driving voltage 
described in conjunction with Figs. 2(a) and 2(b). A 
decoding and latching circuit 19 is added. 

In Fig. 3, the decoding and latching circuit 19 is 
connected to the clock generator 15 and the voltage 
supply circuit 16 of the driving circuit 14 and to the 
LCD control bus 17. The MPU 12 delivers an indi- 
cation signal as a part of the LCD signal onto the LCD 
control bus 17. The indication signal automatically or 
otherwise indicates a sleep-in mode and a wake-up 
one at a time. The indication signal is an eight-bit par- 
allel signal. The decoding and latching circuit 19 
decodes the indication signal into an operation signal 
indicative of one of sleep-in operation and wake-up 
operation that is indicated by the indication signal. 
The decoding and latching circuit 19 furthenmore 
latches the operation signal to send a latched signal 
to the dock generator 15 and the voltage supply cir- 
cuit 16. 

Referring to Fig. 4, the decoding and latching cir- 
cuit 1 9 comprises first and second decoders 191 and 
192, a D-type flip-flop (FF) 193, and an AND gate 194. 
Each of the decoders 1 91 and 1 92 has zeroth through 
seventh data signal input temiinals AO to A7, zeroth 
through seventh driving signal input temninals BO to 
B7, an output data tenminal A=B, and a cascade ter- 
minal CASC. In the first decoder 191. the first, fifth, 
and sixth driving signal input terminals B1 , B5. and B6 
are supplied in common with 5 volts. The zeroth. sec- 
ond, third, fourth, and seventh driving signal input ter- 
minals BO, B2. B3, B4. and B7 are grounded. In the 
second decoder 1 92. the first, second, and fifth driving 
signal input terminals B1. B2, and B5 are supplied in 
common with 5 volts. The zeroth. third, fourth, sixth, 
and seventh driving signal input terminals BO, B3. B4, 
B6, and B7 are grounded. 

In Fig. 4, the LCD control bus 17 is depicted to 
deliver zeroth through seventh bits DO to D7, a write 
control bit WR, and a chip select bit CS as the indi- 
cation signal. Given a logic Zero level when the indi- 
cation signal is made to indicate the sleep-in or the 
wake-up mode, the write control bit WR controls writ- 



ing data from the microprocessor unit (MPU) into the 
first and the second decoders 191 and 192 and 
through the LCD control and the LCD drive buses 17 
and 1 8 (Fig. 3) into the liquid crystal display (LCD) 1 1 . 

5 Similariy given a logic zero level, the chip select CS 
bit selects the first and the second decoders 191 and 
1 92. The write control and the chip select bits WR and 
CS are delivered to the AND gate 1 94. The AND gate 
194 delivers an AND output to the cascade temninals 

10 CASC's to activate the first and the second decoders 
191 and 192 when both the chip select bitCS and the 
write control signal WR are given the logic zero level. 

The D-type flip-flop 193 is for latching an oper- 
ation signal which is produced to represent one of the 

15 wake-up and the sleep-in operation in the manner 
which is described above and will presently be des- 
cribedin detail. The D-type flip-flop 193 has a preset 
terminal PR, a reset terminal R, a data input terminal 
D, a data output terminal Q, and a clock signal tenmi- 

20 nal CLK. The deta input temninal D and the clock sig- 
nal terminal CLK are connected in common to ground 
and are not used in the example being illustrated. 

The first decoder 191 is for decoding the indi- 
cation signal indicative of the wake-up mode into a 

25 wake-up operation signal which appears at the output 
terminal A=B. The wake-up operation signal serves 
as an active preset signal and is supplied to the preset 
terminal PR of the D-type flip-flop 193. 

When the second decoder 192 decodes the indi- 

30 cation signal indicative of a sleep-in mode into a 
sleep-in operation signal, an active reset signal is deli- 
vered to the reset terminal depicted at R. The sleep-in 
operation signal appears at A=B as an output of the 
decoder 192. 

35 The D-type flip-flop 193 is for latching as the 

latched signal one of the wake-up and the sleep-in 
operation signals that is produced by a pertinent one 
ofthefirstand the second decoders 191 and 192. The 
D-type flip-flop 193 delivers the latched signal to the 

40 clock generator 1 5 and the driving circuit 16. 

It will first be assumed that the D-type flip-flop 1 93 
delivers the wake-up operation signal to the clock 
generator 15 and the voltage supply circuit 16. The 
clock generator 15 delivers the clock signal CL to the 

45 LCD controller 13. The voltage supply circuit 16 deli- 
vers the minus voltage signal V(EE) to the LCD con- 
troller 13. The liquid crystal display 11 is put in 
operation of displaying the display data which are 
supplied to the liquid crystal display 1 1 in the manner 

50 known in the art. 

It will next be assumed that the D-type flip-flop 
193 delivers the sleep-in operation signal to the clock 
generator 15 and the voltage supply circuit 16 with the 
indication signal switched to indicate the sleep-in 

55 mode rather than the wake-up mode. The clock 
generator 1 5 stops generatfon of the clock signal CL. 
The voltage supply circuit 16 stops delivery of the 
liquid crystal display controller 13 or decreases an 
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absolute value of the minus voltage signal V(EE). The 
liquid crystal display 11 is put out of operation. 

Referring to Figs. 5 and 6 In addition to Fig. 4, 
operation will be described in detail. In the example 
being illustrated, the indication signal indicates the 
wake-up operation when the seventh through the 
zeroth bits D7 to DO and indicative of (01 1 0001 0). The 
sleep in operation is indicated by (00100110). The 
indication signal further Includes the write control sig- 
nal WR and the chip select signal CS. When both the 
write control signal WR and the chip select signal CS 
are given the logic zero level to be "LOW, one of the 
wake-up and sleep-in operation is carried out at the 
same time. 

In Fig. 5 the seventh through the zeroth bits D7 to 
DO of the indication signal are depicted along first or 
top through seventh rows labelled D7 to DO. In Fig. 6, 
the seventh through the zeroth bits D7 to DO of the 
indication signal are depicted alike. 

Attention will be directed to a selected time instant 
indicated by vertical dashed lines. It will be presumed 
that the chip select bit CS is activated before the 
selected time instant in the manner depicted along a 
ninth row in each of Figs. 5 and 6. 

When the write control signal WR becomes active 
as shown along a tenth row in Fig. 5, the wake-up 
operation signal is delivered from the first decoder 
191 to the D-type flop-flop 193 to give a logic one of 
"HIGH" level to the preset tenminal PR in the manner 
illustrated along an eleventh row by the preset tenmi- 
nal PR. The D-type flip-flop 193 produces the oper- 
ation signal with a "HIGH" level OUT as exemplified 
along a twelfth or bottom row. As a result, the output 
Q of the D-type flip-flop 193 becomes active (HIGH). 
Thus, the display data appears on the liquid crystal 
display 11 until the indication signal is switched to 
indicate the sleep-in mode. 

If it is unnecessary for the liquid crystal display 1 1 
to be driven by the liquid crystal display controller 13 
for one reason or another, the microprocessor unit 1 1 
supplies the liquid crystal display control bus 17 with 
the indication signal made to indicate the sleep-in 
operation. In this case, the decoder 192 is activated. 
Inasmuch as the D-type flip-flop 193 is activated at 
that time, the display data fades away from the liquid 
crystal display 1 1 . That is to say, the liquid crystal dis- 
play 1 1 is not driven from that time continuously until 
the indication signal is switched to again indicate the 
wake-up mode. 

Reviewing to Figs. 3 through 6, it is now cleariy 
understood that the illustrated LCD controller 1 3 is not 
only to make the liquid crystal display 1 1 have a longer 
life and but is capable of decreasing power consump- 
tion of the driving circuit 14. 

While this invention has thus far been described 
in specific conjunction with a preferred embodiment 
thereof, it will now readily be possible for those skilled 
in the art to put this invention into practice in various 



other manners. For example, this invention is not only 
applicable to the liquid crystal display 1 1 driven by the 
above-mentioned supply voltage but is applicable to 
a display unit which is driven by an operable supply 
5 voltage. 

On indicating one of two operations that is the wa- 
ke-up operation or the sleep-in operation, the indi- 
cation signal may have only one bit rather than the 
zeroth through the seventh bits DO to D7. 



Claims 

1. A display control apparatus for controlling a dis- 
15 play unit, said display control apparatus compris- 
ing: 

a processor unit for producing an indi- 
cation signal indicative of one of a sleep-in oper- 
ation and a wake-up operation; 

20 decoding and latching means for decoding 

said indication signal and latching an operation 
signal representative of one of said sleep-in oper- 
ation and said wake-up operation; and 

driving means for driving said display unit 

25 when said operation signal is latched to represent 
said wake-up operation. 

2. A display control apparatus as claimed in Claim 
1 , wherein said driving means is for suspending 

30 drive of said display unit when said operation sig- 
nal is latched to represent said sleep-in operation. 

3. A display control apparatus as claimed in Claim 
1, wherein said decoding and latching means is 

35 for latching said operation signals with one and 

the other of high and low levels when said indi- 
cation signal indicates said wake-up indication 
signal and said sleep-in operation signal. 

40 4. An apparatus as claimed in Claim 1 , wherein said 
decoding and latching means comprises: 

decoding means for decoding said indi- 
cation signal into one and the other of sleep-in 
and wake-up indication signals; and 

45 single latching means for latching a selec- 

ted one of said sleep-in signal and said wake-up 
indication signals as said operation signal. 

5. An apparatus as claimed in Claim 4, wherein said 
50 decoding means comprises: 

first decoding means for decoding the indi- 
cation signal indicative of said wake-up operation 
into said wake-up indication signal; and 

second decoding means for decoding the 
55 indication signal indicative of said sleep-in oper- 

ation into said sleep-in indication signal; 

said single latching means being for latch- 
ing one of said wake-up and said sleep-in signals 
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into which the indication signals produced by said 
processor unit is decoded by one of said first and 
said second decoding means at a time. 
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